This empirical paper analyses the importance of information and communications technologies (ICT) in the technological diversification trend among the world's largest manufacturing firms during the 1980s and 1990s. The objective of the research is twofold: firstly, to emphasise the emerging differences among technologies when companies from different industries patent outside their traditional technological capabilities; secondly, to investigate whether the tendency among large companies from all industries to patent in ICT is distinctive when compared with the tendency to patent in other technologies. We find that technological diversification in large companies has clearly occurred in ICTs. Non-ICT specialist industries increasingly develop, rather than just utilise, the cluster of ICT-related technologies. We conclude that the development of corporate capabilities in the key technologies of the emerging ICT paradigm is more widespread than previously emphasised in the literature. One implication of this observation is that technological diversification and the information revolution may be related phenomena.
we seek to compile convincing evidence that ICTs are distinctive, compared with other technologies, in the degree to which they account for corporate technological diversification.
The analysis uses patent counts and classifications based on the SPRU database for nearly 500 of the world's largest innovating companies from 1981 to 1996, as ranked by sales revenues.
This material allows us to confirm that technological diversification in large companies has certainly occurred in ICT while for other technologies the patterns are less conclusive. ICTrelated change in the competence portfolio of large firms has been widespread across sectors and rapid over a period of 17 years. As might be expected there is considerable industry variation when companies patent in ICT, given that: a) ICT is important, and increasingly so, for the Photography & Photocopy, Motor Vehicles & Parts, Aerospace, Machinery industries; b) ICT is not so important, but rising fast in importance, for Metals and Materials; and, c) ICT is apparently not so important for Chemicals and related sectors (Pharmaceuticals, Food, Drink & Tobacco, Paper, Mining & Petroleum, Rubber & Plastics) .
The results of studying the internal transformations of large established firms in already existing sectors are remarkable. There is much theoretical and empirical evidence suggesting that the relevant knowledge resources for many firms in many industries are not internal to the industry * Comments and criticisms by Keith Pavitt, Pari Patel and Nick von Tunzelmann were very useful in the early stages of this research. Later versions of the work benefited from the interaction with Alfonso Gambardella, Ed Steinmueller, Camilla Noonan, Felicia Fai, Fernando Santiago-Rodriguez, Isabel Oliveira and Dan Ward. Finally, three anonymous referees constituted a fertile source of suggestions that helped to further advance the arguments present in the paper. The usual disclaimer applies. (Pavitt 1984; Smith 2002; Malerba 2005) . However, according to our account, non-specialist sectors show themselves not to be passive users of ICT knowledge, but rather drivers of change.
As a conclusion we suggest that the intensive development of cutting edge corporate capabilities in the key technologies of the emerging ICT paradigm by non-specialist industries is a robust stylised fact in need of further research. We also suggest that the technological diversification trend may be related to the upswing phase of a new Long Wave (LW) of techno-economic development, as hypothesised by Freeman and Louçã (2001) . Indeed, according to recent historical accounts, ICT had much more economic impact even before the mid-1990s than steam technology during heydays of the British Industrial Revolution (Crafts 2004; Crafts and Mills 2004) . Growth economists' interest in the arrival of new core inputs or General Purpose
Technologies (GPT) is mainly linked to macroeconomic outcomes. Jorgensen (2005) has recently estimated that the contribution of information technology capital has accounted for nearly half the surge in productivity growth from 1995 to 2000. The central message of our paper is that contributions to cutting-edge ICTs are not a monopoly of the ICT equipment industry but also come from a variety of other, non-specialist industries.
This paper draws on previous empirical and conceptual work on the Multi-Technology Corporation (MTC) pioneered by Granstrand, Patel, Pavitt and others (e.g. Granstrand and Sjölander 1992; Patel and Pavitt 1994a) . The basic stylised fact is that the technological base of virtually all innovative large companies is much wider than their product range. Moreover, industries held persistent diversified profiles of technological competencies for most of the twentieth century (Fai, 2003) . Evidence to date, albeit statistically weak, has broadly pointed toward a positive association between corporate technological diversification and economic performance (Gemba and Kodama 2004; Piscitello 2004) .
Our contribution seeks to add to this work whilst also asking new questions about the existence of relevant sub-patterns in the trend of technological diversification. We focus on the specific technological classes in which large companies tend to accelerate patenting when they patent outside their traditional technical domains. Moreover, since ICT becomes the most dynamic body of knowledge for most contemporary giants, our perspective can be regarded as closely complementary to the analysis of Torrisi (1998) and von Tunzelmann (1999) who have concentrated on the dynamics of technological diversification of the ICT sectors themselves. In our contribution the question is the reverse: how have ICT technologies been developed outside ICT sectors?
The paper proceeds as follows. Section 2 presents the conceptual and historical framework that provides the necessary guidance to empirical exploration. Section 3 discusses the data and assesses the potential of patents as an indicator of technological capabilities. Section 4 presents evidence on the key patterns found. Section 5 discusses the results in the light of conceptual frameworks, whilst also discussing the implications of the findings for the analysis of economic growth and highlighting some outstanding questions for innovation strategy and policy. Section 6 concludes.
THEORETICAL FRAMEWORK
Following Schumpeter's celebrated advice, we draw on theory and history to understand the patterns emerging from statistical analysis. The chosen conceptual framework is the Penrosian and evolutionary capabilities approach, with Neo-Schumpeterian LW theory is used to provide a background historical viewpoint.
The internal workings of business organisations
The corporate knowledge base became more complex during the twentieth century. The literature on technological diversification consistently draws attention to the variety of directions and rates of change of corporate patenting activities (Cantwell et al. 2004 ). An output of this research has been the empirical content it has given to notions such as corporate learning, firmspecific technical competencies and knowledge networks. In a pioneering article, Granstrand and Sjölander (1990, p. 36) defined the MTC as a "corporation that operates in at least three different technologies." The inspiring feature of contemporary large innovating companies is therefore the wide range of fields in which they command technical expertise. A crucial lesson that emerges from such an insight is that the notion of Multi-Technology Corporations must be set apart from that of multi-product corporation. In fact, the big business institutions of today exhibit a much broader portfolio of technologies and competencies than of products . Although capabilities are unobservable, unlike the complex products and systems they help to create and market, these authors suggest a number of ways and proxies that could be used to measure the degree of technology diversification such as expert panels, academic disciplines and professions represented in the R&D personnel, and, not least, patent statistics.
Such a line of inquiry into the nature of the development of business organisations has understandably illustrated the persistent importance of the theoretical perspectives on the nature of the firm going back to the pioneering work of Penrose (1957 Penrose ( , 1995 . Penrose and the authors who adopt the resource-based perspective see the set of productive resources, and the idiosyncratic ways in which they can be put into use, as the cause of the perceived heterogeneity and growth dynamics of companies in the real world. For the purpose of our analysis we take technological capabilities to mean the command over specific scientific and technical principles that exist in the minds of individuals and the routines that link the members of an organisation (see Dosi et al. 2003) . Such capabilities, although cumulative and path dependent in nature, may also be dynamic in the sense that they "allow the firm to create new products and processes, and respond to changing market circumstances" (Teece and Pisano 1994, p. 541) . Following this conceptualisation, the technological capabilities of the world's largest manufacturing companies will constitute our unit of analysis. To implement this approach, we scrutinise the specific areas of technological knowledge that are being diversified into, using patent indicators.
Big business in historical context
The emergence of the large innovative firm, as a fundamental locus of technology research and development, is a historically recent phenomenon. Before the 1870s, big companies were scarce, either in the US or elsewhere in the world. However, by the 1920's, "big business had already become the most influential non-government institution in all advanced industrial market economies" (Chandler and Daems 1982, pp. 2-3) . Large companies continued to develop throughout the twentieth century and some early movers still continue to play an important role today, e.g., Ford, Bayer, Shell, etc.
During the first industrial revolution the factory system and steam power were at the core of industrial change, especially in the cotton industry and in transportation. About one hundred years later, with what came to be known as the second industrial revolution, the introduction and spread of electricity, synthetic chemicals and the internal combustion engine constituted the key cluster of innovations. According to the Chandlerian thesis, it was the organisational innovation of the large multi-divisional manufacturing joint-stock firm that realised the potential of the second wave of radically new technologies, by channelling major investments in massproduction, marketing and professional management (Chandler 1990) . However, companies and industries change through time co-evolving with technological change (Nelson 1999) .
Therefore, it is likely that the multi-technology corporation that started to appear as a new organisational subspecies in the late twentieth century is also associated with the broader institutional and technological changes of its time.
The story behind technological evolution
As Landes (1991) has stated, historians try to explain changes in the mode of production that economists usually take for granted. Several authors of a neo-Schumpeterian inclination, such as Freeman and Pérez (1988) In a recent restatement and empirical assessment of this perspective, Freeman and Louçã (2001) analyse the third of the industrial revolutions, the Information Revolution. The key radical innovation behind its rise was the development of the electronic microprocessor. This key factor is called the Core Input, and its characteristics are a) falling relative prices, b) universal availability and c) a broad range of applications. This concept is analogous to the major innovations labelled as GPTs by Helpman (1998) Innovation attributed to this revolutionary time is the network. We shall adopt these categories in our analysis.
DATA AND METHODOLOGY
In this study we take patents as the prime source of information about in-house technological capabilities.
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We argue this is a legitimate interpretation because the attribution of this property right by such a demanding institution as the US Patent Office is a recognition of cutting-edge expertise in a given technological field. Therefore, and for operational reasons, patent statistics will be employed to screen the breath and depth of technological capabilities of manufacturing companies.
Following Granstrand (1998) and many other authors, we will equate technology to a body of engineering knowledge. We are well aware of the epistemological difficulties of measuring the hidden knowledge structure that underlies the performance and change in the (very) large firm (see for instance Lawson 1997) . Still, we believe that patents constitute a precious window (however narrow) into that deeper ontological level, i.e. the potential to generate improved technical knowledge.
The analysis is based on data obtained from the SPRU database: accumulated patent counts for 14 industries and 34 patent classes for the years 1981-85, 1986-90, and 1991-96 . This database reports patents for 463 of the world's largest companies 2 (it does not include patents by individuals or research institutions) distributed according to principal product group and represents a huge effort of consolidation of 4500 subsidiaries and divisions. Different assignee names, kept or bought by the 463 up to 1992, were identified using the ownership profile of 1 We do not assume, for instance, patents to be a proxy of an output resulting from R&D resources, thus implying a notion of "knowledge production function" akin to the much abused "linear model of innovation". This view can be avoided here (see Pavitt, 1985) . 2 More specifically, the population is made up of the largest companies according to sales as reported in the Disclosure Global WorldScope database, excluding those based outside the Triad, e.g., Australia, Latin America, South Africa and South Korea.
1992 and attributed to their parent company. The method of consolidation is described in detail in Patel (1999 two ICT categories can be joined in a broader one, ICT B, which increases the potential for testing the sensitivity of our conclusions using different operational definitions (more or less strict) of ICT.
The limitations of patents as indicators of technological activity are well known and will not be discussed in detail here although much could be said based on the many contributions on the subject (Pavitt 1985; Narin and Olivastro 1988; Grilliches 1990; Patel and Pavitt 1995; Smith 2005) . Patents are an institutional record of invention and, although increasingly used in economic research, cannot be assumed to be in direct and constant correspondence to innovative efforts. There are, for instance, different inter-firm propensities to patent and differences in the patenting patterns across technologies and across industries. Nevertheless, the combination of the conclusions of three recent studies on the patent indicator (Cohen et al. 2000; Jaffe 2000; Hicks et al. 2001) gives us fresh assurance of the relative reliability of this indicator for the purposes of this paper. We will return to these issues in section 5, but for now it will suffice to note that the rise of a pro-patent institutional environment in the US might have increased the patenting rates in most technologies, but only in a step-wise fashion. Moreover, in the specific case of ICTs, which have grown exponentially, there is no unambiguous evidence of a deterioration in quality of the technological ideas being protected by patents.
THE EMPIRICAL LINK BETWEEN ICT AND TECHNOLOGICAL

DIVERSIFICATION
In the light of the capability view of the firm assumed in this paper, the process of corporate technological diversification refers not to multiple technologies being used but rather to patents from multiple technologies being registered to a company classified in a given industry or product group. The following two sub-sections provide a view on general trends exhibited by the diversified technological portfolios of corporations belonging to different industries. The remaining subsections contain the main findings of the paper, i.e. whether or not industries have been increasingly diversifying into ICTs and, if so, whether or not in greater proportion than in relation to other technologies.
The explosive growth of ICTs
It is widely acknowledged in the innovation literature that the accelerated development and diffusion of ICT was a distinctive feature of the last quarter of the twentieth century (e.g.
Bruland and Mowery 2005)
. Figure 1 shows that overall patenting is heavily skewed in terms of types of technologies. The growth of (narrowly defined) ICT depicted is striking when compared to other technological areas. As can be seen, the number of patents in ICT N in 1991-96 is about three times what it was in the period 1981-85. We also find that ICT N corresponds to almost one third of total patents in the early nineties while in the early eighties it was one fifth. It also can be noted that the broadly defined ICT group, or ICT B, has been rising to account for almost 50% of all patents during the 1991-96 period. ' size for 1991-96, in relation to 1981-85 4 The patent study by Hicks et al. (2001) establishes that information and health technologies had grown by more than 400% between 1980 and 1999, with information technologies (e.g. computers, telecommunications, semiconductors) accounting for 25% of total US patents by the later date. 
Industries patenting outside the "core technical fields"
The analysis shown in figure 2 below is based in Patel's (1999) 
Technologies broadening their industry base
When assessing trends in technological diversification or specialisation, the H is usually applied to companies, industries and countries. However, in this sub-section we apply the H to technologies on the basis of the industries contributing to them, i.e. we calculate it the other way around. With this angle of analysis one is investigating the source structure of a technology (the extent to which different industries are advancing the total patenting performance in a given technical field). A high index reflects a concentration of technological activity, i.e. fewer industries "supplying" the patent class, and thus fewer industries incorporating that technical field into their knowledge portfolios in a substantive way.
In We also computed the H using the same data aggregated according to our technology families and the picture proves to be robust. In this analysis, not shown here, both ICT N and ICT + appear to be recruiting patents from a broader set of industry contributions. It seems as though 
How much has ICT increased in the technological portfolios of large firms?
We have just seen that ICTs constitute an object of particular interest due to the evidence on a)
their explosive growth and b) of a broadening industry base from which these technologies originate. Thus, if that is the case, we want to probe further the possibility that the ICT family behaves in a distinct fashion compared to others, i.e. whether it has attracted contributions from the generality of the largest innovative companies in our population. We should also add two further comments in interpreting our results, both pointing out that, if anything, the ICT N trend across sectors is underestimated in our analysis. Firstly, if we break down ICT N for the Aerospace industry it emerges that Telecommunications and Semiconductors have been registering sharp rises (therefore the rise of only 0.08% in table 5 might be underestimated). Secondly, if we could account for software activity the performance of the Pharmaceuticals sector in ICT N would probably be much stronger due to the innovative use of computer simulation technology in this sector (Nightingale 2000) . The same is true for the Aerospace industry due to the digitalisation of the engine control systems (Prencipe 2000) .
Industry's contributions to ICT N patenting
This last empirical sub-section is devoted to assessing the influence of the specialist and nonspecialist industries on total patenting in ICT N. A striking conclusion of this analysis is that the This result is partially in line with the Hicks et al. (2001) study on the composition of patenting activity in the US. In this study "information technology" companies are found to be responsible for the production of three-quarters of the "IT" patents (broadly corresponding to our ICT N category) between 1993 and 1998. However, our study finds that large non-ICT sectors have been responsible for up to 25% of the ICT patent growth generated in the early 1990s and not just 2% as claimed in their paper. Table 4 displays the contribution to the increase in patenting defined as the difference between patenting in the three periods. In trying to explain such a discrepancy we should first highlight two differences between the samples. Firstly, the analysis of Hicks et al. (2001) is based on patent counts for about 560 US companies for the years 1989-98. Secondly, differences may arise from possible discrepancies between the data classifications, which are not infrequent in patent analysis 9 . Although these factors probably account for part of the divergence between the two studies, an unaccounted for residual certainly remains. If our methodology is correct, the increase in ICT N patents is coming from a much broader range of sectors than their findings suggest. The non-ICT sectors contribution to ICT N (patent counts and percentage) is depicted in table 5 for the 12 non-ICT industries. As can be seen in column (a), this is a highly skewed distribution, 9 That is why we also controlled for the inclusion of Photography and Photocopy sector in our ICT sectors as part of our sensitivity analysis. 10 Patent data analysed by Rao et al. (2004, p. 369) 
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DISCUSSION OF THE FINDINGS
This paper explores the growing involvement of the world's largest companies in ICTs. In seeking to base an account of late twentieth century corporate technological diversification evolution one must start by demonstrating that the results are too powerful to be explained by problems with the patent data. In this section we also discuss the usefulness of the theoretical views adopted and present challenges for future research.
Appraisal of the ICT-MTC link: fatal attraction or spurious result?
A number of precautions have been taken in forming the conclusions outlined in this paper, namely by analysing the data in a plurality of ways and by confronting the emerging patterns with what is already known from the existing literature. Nevertheless, the first words of comment must acknowledge the possibility that our results could simply be explained by artificial shifts in the indicator, i.e. the propensity to patent in ICT having changed over time in comparison to the propensity to patent in other technologies. However, we refer to recent studies on patent practice (Cohen et al. 2000; Hicks et al.2001; Jaffe 2000) to argue that there is no solid evidence implying that the observed shift in patenting shares towards ICT is not due to confounding variation in the indicators. There has indeed been a "patent explosion" starting in the early 1980s in the US (Hall 2005; Jaffe and Lener 2004) . A surge in patents was especially felt in the semiconductors business (Hall and Ziedonis 2001) . Such a dramatic increase should result in the quality of patents decreasing. In contrast, what has been found is an increase in the citations per patent in ICT (Hicks et al.2001, p. 702 ). The implication is that there is little reason to attribute the broad patterns we found to problems in the indicator. Moreover, if such a complex set of factors have influenced the behaviour of ICT patents, it is likely that these factors would affect ICT and non-ICT industries alike, in which case our comparative arguments should hold.
Given that we are aware that patents are an imperfect indicator we strengthened our results in three ways: a) results were tested against reclassifications of the data and qualifications were offered when variance was detected; b) various approaches and techniques were also attempted in order to filter robust empirical regularities, i.e. those that do not change with different ways of measuring different aspects of the same phenomena; c) whenever possible the findings were compared with similar studies using SPRU and other databases.
Appraisal of the theory: changing technological capabilities
According to our results, the cluster of ICT-related technologies is, simultaneously, a) the technology group growing the most in terms of the number of new patents and b) the field in which large manufacturing are developing capabilities fastest on average. As Dalum et al. (1999, pp. 112-3) elucidate, the high growth rates of ICT patents can be interpreted as the product of corporate research encouraged by high technological opportunities and profit prospects.
The patterns exhibited by the ICT industries are in accordance with results of Torrisi (1998) and von Tunzelmann (1999) who, relying on other parts of the SPRU database, also found evidence of increasing technological convergence within the ICT sectors coupled with a low level of extra-ICT diversification. Rao et al. (2004) who analysed a sample of the top global ICT firms, sorted on the basis of R&D expenditures, from telecommunications, ICT hardware, electronics & electrical and software & ICT services, also found the same patterns from the 1980s and 1990s. In particular, they found that ICT firms retained a high-degree of technology within a broad spectrum of ICT-related patent classes. These patterns of "internal cross-fertilisation" and "deepening" can be understood as indicative of the long-term technological (and competitive) potential of ICT capabilities.
Nevertheless, and as we wish to emphasise in our study, cutting-edge ICT capabilities are not exclusive of ICT sectors. Hagedoorn et al. (2000) and Giuri et al. (2001) "It is interesting that in non-IT sectors -such as automotive, aerospace, machinery and chemical sectors -computer technologies, including software, appear in the top three positions of receiving technological alliances ... Companies that do not have internal competencies to master such technologies seem to use external strategies to acquire or jointly develop them." (Hagedoorn et al. 2000, p. 20) Further complementary evidence is supplied by Cantwell and Noonan (2001) on technological relatedness, measured by the degree to which different technologies are co-patented by the same industrial sectors. Their work also suggests that ICT capabilities are increasingly pervasive across the industrial landscape. Their paper shows that ICT appears increasingly associated with other technological groups, namely chemicals and transports. A rise in the technological relatedness occurs in the period 1969-1995 and is driven by telecommunications, special radio systems, semiconductors, image and sound equipment and office/data processing systems.
Appraisal of the historical framework: the new techno-economic paradigm and economic growth
Can the insights on technological diversification help us in establishing the existence of a technological revolution? Our interpretation is that the evidence on the (widening) pervasiveness of ICT capabilities can be used to support the neo-Schumpeterian LW hypothesis that a period of structural change is triggered by a new key productive factor (the Core Input) and the new set of technological combinations associated with it.
A wide variety of industrial sectors dynamically expanded their ICT capabilities, the engine of growth in the last decades of the twentieth century. The impact of ICT on large companies in many sectors suggests a connection between the multi-technology trend and the rise of a new technological paradigm. This link can be explained with the help of Helpman (1998) and his colleagues who suggest that ICT is a typical GPT given the complementarities it exhibits with other technologies. The work by Fai and von Tunzelmann (2000) on the historical evolution of technological scale and scope can also be of value here. The long-term patent analysis in that paper, using Reading University's database, points to the prevalence of a diversification strategy in technological capabilities, i.e. scope over scale, in the last quarter of the twentieth century.
Their hypothesis is the following:
" ... in the guise of emerging technological paradigms, firms may extend their patenting into these fields and relatively diminish that in their old areas of strength. In such cases, the technological scope of a firm may increase without any necessary change of in technological scale. On the other hand, if the technological opportunities of a rising paradigm were exploited in extreme, it might appear that technological concentration occurs, again with uncertain impacts on technological scale." (Fai and von Tunzelmann 2000, p.8) The implication is that the Core Input behaves as expected by the LW theory: Semiconductors is Revolution. Large technology diversified companies may be one way in which history (the legacy of the Second Industrial Revolution) meets the revolutionary challenges posed by networked society so eloquently described by Castells (2000) .
This all means that the pervasive, though uneven, development of ICT knowledge among large companies has implications for contemporary debates on economic growth. For instance, a paper by Harberger (1998) presents a distinction between two modes of growth: "mushrooms"
versus "yeast". The mushroom metaphor points a random and non-uniform sectoral growth pattern in the economy. By contrast, yeast denotes growth that starts from one point and then spreads uniformly; this epitomises the GPT idea. In this work Harberger argues that modern US productivity growth is driven largely by the internal growth of some sectors in some specific periods while in other periods other industries assume that role. This confirms the "mushrooms"
hypothesis: over time different industries provided a significant contribution to the growth of total factor productivity, while others have remained behind.
Our findings invite reflection in growth accounting exercises when technologies such as ICT are involved. A satisfactory answer is likely to be a fuzzy one: there seems to be room for both stories, at least for the time being. As time moved on ICT capabilities did not stay confined to specialist sectors, and their diffusion was highly uneven. Sectors changed from the inside, and some more than others. The rise of the ICT ingredient in corporate capabilities has far-reaching effects in the population of the world's largest manufacturing firms, a "general-purpose" feature that David and Wright (1999) would interpret as further evidence that the 1990s was a decade of "yeast-like" productivity growth. In this sense our findings point to forces pervasive enough to require economy-wide adjustments in order to economically exploit ICT. Time-consuming evolutionary phenomena such as this can only be fully appreciated by future historical accounts (Pavitt and Steinmueller 2001) .
Questions for future research: the question of incomplete corporate coherence and the relational role of R&D
Our research has been insufficient to enable us to make strong statements about the microeconomic and technological causes underlying the patterns described. More detailed quantitative and qualitative data would have to be collected to identify precisely what the ICT patents refer to and what they mean for those non-ICT specialist firms that obtain them.
Examples of ways to further understanding of the growing involvement of the world's largest companies in ICT would include the exploration of databases encompassing the multiple technological fields into which each patent is classified, as well as information on citations of ICT patents granted to ICT and non-ICT firms. Understanding more about patents by non-ICT firms in which software was part of the claims would also yield potentially interesting insights into the full extent of ICT-related technological capabilities of very large firms. An alternative possibility, unrelated to the theoretical framework offered in this paper, would concern financial diversification and investment in rapidly growing sectors, such as ICT. In this case, the integration of knowledge by such financial holdings is neither guaranteed nor necessarily intended. In terms of economics history, it would also be valuable to put together case studies and investigate how and why non-specialist firms have contributed to the other general-purpose technologies of the past such as steam technology. The rest of this section presents two key questions for further research.
Firstly, the extent to which in-house R&D is increasingly being used in inter-organisation coordination is of great interest. R&D can be seen as a strategic resource that companies use with the intention of strategically managing technological and productive relations with other players of the national and sectoral systems of innovation and the broader web of relations in which the firm is embedded. Superior and diversified technical knowledge can be used to orchestrate the firm's affairs with innovative suppliers, (but also with) rivals, buyers, potential entrants, producers of substitute products, universities, government laboratories, regulators, etc. Big business institutions may strategically use internal knowledge to mobilise external knowledge and sustain themselves as central nodes in ever thickening technological and production networks. We might suggest that there is room for future interesting research on the "third face of R&D" or the co-ordination capacity of corporations. Our study reveals ICT knowledge as the most strategic technology for corporate development in the late twentieth century.
This hypothesis is consistent with the findings from a variety of sources: a) of Cohen, Nelson and Walsh (2000) on the new strategic rationales for patenting; b) the discussion of modularity and systems' integration in product innovation (Brusoni et al. 2001) ; c) the signalling incentives behind the publishing of scientific papers by companies as pointed out by Hicks (1995) ; d) the increasing role of intellectual property management (Granstrand 1999 ); e) the wider range of technological capabilities when compared to technological external agreements (Giuri et al. 2004 ), and; f) the rise of the importance of markets for technology (Arora et al. 2001) . within the boundaries of the cohesive firm, which kept stretching their understanding of possibilities." (de Geus 1997, p.14) . Long-term survival equates to corporate regeneration.
Keeping technological options open is prudent since the evolution of the business environment is uncertain and technologies are costly and time-consuming to develop. In this sense, a certain degree of tolerance for impurity (or incoherence) in technological activity may be a formula to prevent capability stagnation. Hodgson (1999, p. 126) uses what he calls the impurity principle to point out that every socio-economic system relies on at least one "structurally dissimilar subsystem" in order to keep on surviving and functioning properly. Incomplete coherence or impurity in technological activity could be, in this sense, a necessary condition to facilitate corporate learning and evolution.
CONCLUSIONS
"The tendency to variation is the chief cause of progress." Alfred Marshall, Principles
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In this paper we argued that large manufacturing companies nurture a variety of paradigms in their technological portfolios but that internal variety is evolving in important ways. We reached two main conclusions. First, a key trend in the late twentieth century is that ICT is an irreducible Cutting-edge capabilities in ICT are, therefore, more widespread than previously emphasised in the literature. Although this specific technological trajectory initially developed in the context of specialists, a significant proportion of ICT opportunities are being explored across a wide variety of industries that would not be normally associated with these technologies. The following qualifications should therefore be kept in mind when thinking about MTCs:
diversification is directed more to some technologies than to others in given time periods; and entry into ICT development should not be underestimated. It emerges that ICT capabilities, the 11 Quoted in Maskell and Törnqvist (2001 Patel (1999) 
